In order to correct height velocities for the confounders age and sex, SD scores can be calculated using the mean and the SD of the height velocity in the normal population. However, current methods are inappropriate for prepubertal children in the age range in which puberty occurs, because reference groups then consist of a mixed prepubertal/ pubertal population. In the evaluation of growth disorders, height velocity is one of the main parameters by which we recognise abnormal growth and judge the impact oftherapeutic intervention. When groups of patients are studied, height velocity is usually expressed as SD score to remove the influences of age and sex. However, there is a serious methodological problem in using height velocity SD score for prepubertal children after the age at which children can start puberty. The reference population then consists of a changing mixture of prepubertal and pubertal children so that the mean height velocity of the whole cohort does not represent the mean of the prepubertal children. This also leads to a nonGaussian distribution. Therefore, mean and SD values for prepubertal children have been reported only up to the age of 8-75 years (boys) and 6-75 years (girls). ' To extend the age range, the best solution would be to measure height velocities in a large group of prepubertal, healthy, but relatively late maturing adolescents. However, no such data are available. To overcome this problem, in British studies the 50th centile from the whole cohort is used as mean and a hypothetical fixed SD (identical to the SD in late prepubertal years) is taken until the end of growth (CGD Brook and PC Hindmarsh, personal communication).2 However, the mixed prepubertal/ pubertal reference population gives an overestimation of the mean height velocity for prepubertal children. Others, including ourselves, have used height velocity SD scores for bone age by substituting bone age for chronological age, assuming that the mean height velocity for bone age in the population equals the height velocity for chronological age.3 This assumption is theoretically plausible for healthy children with an average bone maturation, but becomes unlikely for children with an extreme delay or advance of bone age. For example, in children with a delayed bone age the height velocity SD score for bone age is lower than the height velocity SD score for chronological age, due to the downward slope of the mean height velocity curve. Furthermore, no data are available about the SD values for height velocity for bone age.
In the evaluation of growth disorders, height velocity is one of the main parameters by which we recognise abnormal growth and judge the impact oftherapeutic intervention. When groups of patients are studied, height velocity is usually expressed as SD score to remove the influences of age and sex. However, there is a serious methodological problem in using height velocity SD score for prepubertal children after the age at which children can start puberty. The reference population then consists of a changing mixture of prepubertal and pubertal children so that the mean height velocity of the whole cohort does not represent the mean of the prepubertal children. This also leads to a nonGaussian distribution. Therefore, mean and SD values for prepubertal children have been reported only up to the age of years (boys) and 6-75 years (girls). ' To extend the age range, the best solution would be to measure height velocities in a large group of prepubertal, healthy, but relatively late maturing adolescents. However, no such data are available. To overcome this problem, in British studies the 50th centile from the whole cohort is used as mean and a hypothetical fixed SD (identical to the SD in late prepubertal years) is taken until the end of growth (CGD Brook and PC Hindmarsh, personal communication).2 However, the mixed prepubertal/ pubertal reference population gives an overestimation of the mean height velocity for prepubertal children. Others, including ourselves, have used height velocity SD scores for bone age by substituting bone age for chronological age, assuming that the mean height velocity for bone age in the population equals the height velocity for chronological age.3 This assumption is theoretically plausible for healthy children with an average bone maturation, but becomes unlikely for children with an extreme delay or advance of bone age. For example, in children with a delayed bone age the height velocity SD score for bone age is lower than the height velocity SD score for chronological age, due to the downward slope of the mean height velocity curve. Furthermore, no data are available about the SD values for height velocity for bone age.
In this paper we present a new method of obtaining age references for height velocity during the whole period in which healthy children can remain prepubertal.
Methods
As basis for our model we adapted the infancychildhood-puberty (ICP) model.4 The reason for using this model is that it explicitly divides the total growth curve in a prepubertal and pubertal section. However, there are two disadvantages to using the ICP model in its present form as a reference model for height velocity. Firstly, the prepubertal growth curve is composed of two components (the infancy and childhood component), of which the childhood component is supposed to start between 6 and 12 months at a mean age of 9 months. Due to the abrupt introduction of this childhood component there is a sudden increase in mean height velocity at 9 months, which for individual patients with a mean onset of this component may be true but not for the whole reference population. Secondly, from 0-2 years of age the mean and SD of height velocity are presented over intervals of three and six months and thereafter over intervals of 12 months, while it is known that the SD correlates inversely with the length of the interval.5
To correct for these problems we adapted this ICP model using the data from the Swedish longitudinal growth study.6 The reason for using the Swedish growth study is that it is based on a relatively large sample and that the growth pattern of Swedish children in the 1960s is similar to the present growth of children in many northern European and North American populations. 5 7-10 The first problem of the ICP model was solved by smoothing the transition from the infancy to the childhood component by interpositioning a second degree polynoma between the ages of 0 5 and 3 0 years. This polynoma had to meet the following requirements:
* At t=0 50 it should connect exactly to the infancy component * At t= 1-75 it should be identical to the observed height velocity in the Swedish population * At t=3-00 it should connect to the combined infancy+ childhood component. The second problem was approached by recalculating the whole year SDs in the first and second year (J Karlberg, personal communication). With these data and the other Swedish prepubertal SD data (boys<10 year, girls<8 years), we constructed the best fitting curve, on the basis of the original equation from the ICP model, which is an exponential curve (a+e(-bt+C)). Because no data are available of the SD of prepubertal children during the years that some children from the reference population enter puberty, we extrapolated the SD after the ages of 10 (boys) and 8 (girls) years.
The ages of 15 5 years (boys) and 13-5 years (girls) were taken as upper limits because a prepubertal stage beyond these ages is assumed to be non-physiological. The computer program EnzFitter version 105 (Elsevier Biosoft, Cambridge) was used to calculate the parameters for the curves.
Results
The equations for the mean height velocity at 0 5-3 0 years (the interposition between the infancy and childhood component), and at ages above 3-0 years (childhood component) are shown in table 1. Figure 1 shows the mean height velocity curves from the original ICP model and the interpositioned polynoma for boys. Figure 2 shows the model for boys in relation to the Swedish6 and the British' references and to the American references of late maturers.5
The equation for SD versus age is shown in 14 In growth studies in groups of prepubertal children within a wide age range, the use of height velocity expressed in cm/year is not suitable because of the large confounding effect of age and to a lesser extent, sex. The usual method to overcome this problem, the use of SD scores on the basis of longitudinal growth studies, is only possible for young children. Later on, the pubertal growth spurt, which starts at a variable age, complicates the situation in two ways. First, no reference group consisting ofonly prepubertal children is available. Second, the variation in the timing of puberty and the great changes in height velocity during puberty destroy the Gaussian distribution.' Because of the drawbacks of the methods currently used to overcome this problem, we searched for a better one.
The ICP model is a mathematical model in which total statural growth is described by a superposition of three equations.'5 It has been hypothesised that the first and second component would be associated with distinct ways of biological regulation,'6 17 in the sense that the infant component would not be growth hormone dependent. On the basis of our and other observations, this is unlikely. 8 We therefore felt that there would be no biological reasons to abstain from smoothing the transition between the infancy and childhood components. However, there is little doubt that the pubertal growth spurt is under the influence of other factors, notably sex steroids.
In contrast to the first report on the Swedish longitudinal study6 and the description of the data on the basis of the ICP model,4 we decided to use only growth velocity data over one year intervals between 1 and 24 months of age, rather than over two, three, and six months. This has no great influence on the mean height velocity, while it reduces the size of the SD, which is much larger over shorter intervals. This implies that our model may only be applied on velocities that are measured over 12 months. It can be argued that during infancy the growth velocity is so high and changes so rapidly, that calculating velocity over a period of a year is too insensitive as a parameter of growth. However, the use of a shorter period in infancy would automatically give rise to the dilemma to choose the age from which the period should be increased to a year, and this woud obviously cause a disruption in the curve of the SD score by age.
Another difference with the original ICP model is that we smoothed the height velocity curve in the second semester by the interposition of a polynoma. This smoothing procedure was necessary for two reasons. First, the use of yearly growth velocities over the whole growth period implied that the sudden acceleration observed by Karlberg4 between 6 and 12 months of age would disappear anyhow. Second, the presence of a sharp angle in the curve of the mean growth velocity would lead to methodological artefacts in calculating SD scores. It is common practice to transform a height velocity always to cm/year, even when it is measured over a shorter interval than a year. The question is whether such growth velocity could be transformed to SD scores and, if so, which reference data should be used. It Clinicians are often presented with the problem of a child with late puberty and attempt to relate growth rate to chronological age by experience of what is perceived to be normal: is the problem abnormal growth or abnormal puberty? This is an important distinction to make in order to reduce the number of inappropriate endocrine investigations and to limit the use of growth hormone treatment to those who would benefit. This is of particular relevance in this clinical situation as all tests of growth hormone secretion are notoriously difficult to interpret in the phase of growth deceleration of late prepuberty in boys and girls and early puberty in boys. The authors present data that provide a continuum of growth standards throughout prepuberty, so that a meaningful height SD score can be calculated, despite many children being less advanced in sexual maturation than their peer group. Paediatric endocrinologists usually extrapolate normal data for growth velocity in children with absent puberty in a similar fashion to the data in figs 1 and 2. However Rikken and Wit have been able to quantify this which is a step forward in providing height SD score data with which to determine if growth is abnormal, even in the absence of pubertal development.
